The important challenge about cancer is diagnosis in primary stages and proper treatment. Although classical clinico-pathological features of the tumor have major prognostic value, the advances in diagnosis and treatment are indebted to discovery of molecular biomarkers and control of cancer in the pre-invasive state. Moreover, the efficiency of available therapeutic options is highly diminished, and chemotherapy is still the main treatment due to lack of enough specific targets. Accordingly, finding the new noninvasive biomarkers for cancer is still an important clinical challenge that is not achieved yet. There are current technologies to screen, diagnose, prognose, and treat cancer, but the limitations of these implements and procedures are undeniable. Liquid biopsy as a noninvasive method has a promising future in the field of cancer, and exosomes as one of the recent areas have drawn much attention. In this review, the potential capability of exosomes is summarized in cancer with the special focus on breast cancer as the second cause of cancer mortality in women all around the world. It discusses reasons to choose exosomes for liquid biopsy and the studies related to different potential biomarkers found in the exosomes. Moreover, exosome studies on milk as a specific biofluid are also discussed. At last, because choosing the method for exosome studies is very challenging, a summary of different techniques is provided.
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Identification of specific biomarkers is required for early detection and cancer screening to conquer cancer. Due to the heterogeneous characteristics of most tumors and different genomic profiles, conventional biopsies cannot reflect the whole nature of primary or secondary tumors (metastasis area). Each tissue biopsy provides a small sample size and fails to reflect tumor heterogeneity, which is essential in the treatment procedure. 1, 2 Moreover, to detect the therapy response, repeated cancer cell sampling is needed to identify tumor genetic changes during cancer treatment, but after surgery, the tumor is not accessible to be monitored during treatment. 3 Accordingly, new low-cost and noninvasive sampling is needed for early detection, screening, and investigating tumor dynamics as well as the risk of relapses. 4 Isolation of genetic materials from bioliquids is a new and minimally invasive method to diagnose different types of cancer. In most cancers, some compartments of tumor cells (e.g., DNA, exosome, etc.) or even the whole cancer cells segregate from the original tumor bulk and enter the bloodstream or any other bioliquid. 5 Relative to direct tumor biopsies, the easy-toobtain nature of bioliquids makes them an attractive alternative source for clinical application. Releasing exosomes from heterogeneous cancer cells in biofluids could provide the potential information of tumors. 3, 6 Exosomes were first reported by Pan The current review discusses advantages of liquid biopsy, especially milk as a specific breast biofluid for exosome-based studies. Then different exosome studies related to diagnosis, treatment, and response to therapy in breast cancer (BC) 16 were investigated. Finally, recent studies on exosomal genetic materials in the field of cancer biomarkers were scrutinized, and the study concentrated on different methods related to laboratory works on cancer exosomes.
Encouraging Reasons to Use Exosomes for Liquid Biopsy
Traditional biopsies, such as fine needle aspiration, rely on accessing the tumor cells 25 , but exosome-based liquid biopsy relies on subcellular particles and their cargos. Compared with the other sources of liquid biopsies, exosomes have superiority in different aspects. First, compared with other subcellular particles such as apoptotic bodies and microvesicles, exosomes are more homogeneous in terms of size, 26 and their cup-shaped appearance makes them easily distinguishable through electron microscopy. 27 Second, unlike circulating tumor cells (CTCs) thought to be a new source for cancer biomarkers, 6 many isolation and characterization protocols are developed to use exosomes in research and therapy. 28 There are many commercial kits that let us quickly and efficiently isolate exosomes from a small amount of human body liquid. 29 Third, exosomes express specific markers including HSP70 and Alix, which can be applied to separate exosomes from other subcellular vesicles. 30 Moreover, exosomes can mirror the original cell markers by presenting specific surface proteins 31 and even their target cells. 32 These features cause easy isolation of both the tissue and target cell-specific exosomes. Fourth, exosomes are stable in the circulation 33 and are found in almost every potential body fluid; therefore, they can be used as diagnostic tools for many diseases including BC. One of the BC clinical antibody-targeted receptors carried by exosomes, HER2, 34 might trigger the idea to use exosomal HER2 as a prognostic tool through the liquid biopsy. Fifth, the nucleic acid content of exosomes is a practical source for cancer investigation. Doublestranded DNA content of exosomes can show the mutational status of the original cell. 35 Moreover, exosomes represent their parental tumor-specific RNA and protein profiles, 33 and their architecture protects circulating RNA and microRNA (miRNA) from RNase catalytic function. 36 Circular RNAs in exosomes are more various than that of the cell of origin. 37 Therefore, exosomal nucleic acids can be utilized to find genetic signatures in patients with cancer. 38 Databases such as ExoCarta 39 and Urinary Exosome Protein Database 40 facilitate the sharing of data about the nucleic acid and protein content of exosomes.
Breast Milk-and Breast Fluid-Derived Exosomes
The majority of biomarker-based studies on BC focus on blood-derived exosomes. Most of the cells in the human body, including breast tissue cells, release their exosomes into the blood. 41 Therefore, the concentration of breast-specific exosomes (BSEs) seems to decrease in blood samples. However, breast fluids, especially milk, might be full of BSEs. Thus, breast milk may be a more reliable source for exosome studies and finding specific biomarkers. Hypothetically, BSEs may have breast tissue-specific markers that let them bind specifically to the BC cells and could be used in nanoengineering and targeted therapy. In addition, collecting human milk in large scales for commercial purposes is more practical and less invasive than that of human serum. The yield of milk-derived exosomes (335 mg/L) is enough for commercial purposes. 42 In this regard, scientists traced human milk exosomes using their protein profile (including CXCL5, MIA, and KLK6). 43 One study showed that drug-loaded bovine milk exosomes were used to inhibit human BC cells (MDA-MB-231 and T47D) proliferation. It concluded that bovine milk-derived exosomes increased the stability and cellular uptake of the drug. The regulatory effect of human milk on the immune system is already demonstrated; 44 researchers presented the anti-cancer impact of milk exosomes by NF-KB pathway in H1299 cells. 42 Furthermore, in 2016, Yassin et al. 45 proposed that camel milk exosomes can be utilized as potentially safe nanocarriers. Interestingly, human milk exosomes contain high levels of transforming growth factor-b2 (TGF-b2) and could promote epithelial-tomesenchymal transition (EMT) in MCF7 and MCF10A breast cells. Hence, secretion of TGF-b2 in breast milk might increase the risk of BC. 46 In the opposite case, bovine milk exosomes decreased BC cell viability in vitro. 47 The stability of bovine milk exosomes under the digestive system acidic condition makes it ideal for oral application. Loading bovine milk exosomes with paclitaxel (PTX) raised therapeutic efficacy and reduced systemic toxicity compared with free PTX in an animal model for lung cancer. 48 A recent study assessed the capacity of milk-derived exosomes to optimize curcumin delivery to cancer cells. The mentioned study proved that milk exosomes encapsulated with curcumin had higher solubility in hydrophilic solutions, which elevated the curcumin delivery to cancer cells. Exosomal curcumin was stable under digestive system conditions, as well as endocytosis by human intestinal cells in vitro. 49 In conclusion, milk exosomes might be cost-effective drug carriers and suitable for oral application. Further investigation on human breast milk exosomes may discover new roles for them in drug delivery.
Exosomes' Role in BC Diagnosis, Treatment, and Resistance to Therapy Diagnosis Similar to other cancers, BC tumor-related exosomes exert multiple functions in tumor growth, metastasis, and chemoresistance. Exosomes and their components (DNA, RNA, and proteins) may influence immune escape, tissue invasion, metastasis, and angiogenesis. 50 Existence of circulating exosomal miRNAs might be a diagnostic biomarker for breast malignancies. Triple-negative BC (TNBC) cells produce exosomes containing certain proteins and miRNAs (Figure 1 ), which result in malignant transformation. In comparison with malignant cells, ) and tumorigenesis and pathological stages. Hannafon et al. 41 indicated that levels of miR-21 and miR-1246 were higher in plasma exosomes of patients with BC compared with those of the control samples. Moreover, interestingly, the result of the study by Palma et al. 51 showed that exosomes released by BC cells can be classified depending on their miRNAs content. Analyzing small RNA content of the serum exosomes of five patients with BC by RNA sequencing (RNA-seq) technique showed that BC diagnosis was associated with changes in the levels of specific subtypes of miRNAs. 55 In 2016, Fiskaa et al. 56 assessed the whole small RNA content of nine BC cell lines and indicated exosomal small RNA signatures to identify BC cell lines from each other and also from those of other non-BC cell lines. Based on the abundant studies focused on the role of exosomes in BC, Park et al. 57 designed a diagnostic kit. This useful equipment measures the amount of 10 miRNAs in breast tumor-derived exosomes. The aggregation of some miRNAs indicates BC samples, and a decreased amount of them directs to normal samples. 57 To sum up, the miRNA content of bioliquid exosomes can be potentially applied in early diagnosis and staging of patients with BC.
As well as miRNAs, some proteins are differentially expressed in certain stages and types of BC, which are found in the extracted exosomes. For example, CD24, likely as a late-stage BC biomarker, 58 exists in seral exosomes. 59 In 2005, Ryan et al. 60 showed that survivin and its splice variants were differentially expressed in BC tissues and had different roles in the apoptosis of BC cells. Accordingly, Khan et al. 61 considered that BC cells released survivin packed in the exosomes. Then, they found survivin-2B as an anti-apoptotic marker in the serums of patients with BC. Therefore, expression analysis of survivin-2B may serve as a diagnostic and prognostic marker in early BC stages. 62 
Treatment
Recent research presented exosomes as novel therapeutic targets. Intrinsic and engineered exosomes can be applied as therapeutic Figure 2A ). miR-503 inhibits the proliferation of BC cells and their invasive capacities by CCND2 and CCND3 knockout. By miRNA profiling, Bovy et al. 64 identified that miR-503 was specifically upregulated in exosomes released from endothelial cells after treatment with PTX and epirubicin (EPB). Based on their study, endothelial exosomes loaded with miR-503 might obstruct the proliferation of tumor cells, and in that way contribute to the direct effect of taxanes and anthracyclines therapy 64 ( Figure 2B ).
An in vivo study on RAG2 À/À mice showed that exosomes were potent to deliver let-7a to epidermal growth factor receptor (EGFR)-expressing BC cells. This study suggested that exosomes can be used to target EGFR-expressing BC cells by carrying off nucleic acid drugs 65 ( Figure 2C ).
For the first time in 2015, Jenjaroenpun et al. 66 characterized the whole RNA content of exosomes secreted by two human metastatic BC cell lines. They suggested that exosomal RNA analysis might distinguish low metastatic BC cell line (MDA-MB-436) from highly metastatic BC cell line (MDA-MB-231). 66 By the RNA-seq technique, miRNA expression profiles of metastatic BC, as well as normal mammary cell lines, are identified. Based on the multiple algorithms, miR-105 is selected for in vivo and in vitro analyses. It indicated that exosomes mediate the transfer of miR-105, which efficiently breaks the cell-cell tight junctions and induces metastasis. In addition, overexpressed miR-105 in non-metastatic BC cell line (MCFDCIS)-derived exosomes induced metastasis and vascular permeability in null mice. 67 In conclusion, exosomes can be used in drug delivery and targeted therapy of BC cells, or target the inhibition of the cancer signaling pathways. 
Resistance to Therapy
The role of exosomes in the resistance of BC to treatment was assessed in some studies. Urothelial carcinoma-associated 1 (UCA1) protein exerts a regulative effect on chemoresistance of different cancer cells (e.g., gastric, bladder, and colorectal cancer). [68] [69] [70] In 2016, Xu et al. 71 compared the UCA1 mRNA amount in exosomes released from tamoxifen-sensitive (MCF7) and -resistant (LCC2) BC cells. Significantly higher levels of UCA1 were detected in both LCC2 cells and their exosomes. Interestingly, LCC2-released exosomes had higher UCA1 expression than those of the LCC2 parent cells. They concluded the role of exosomal transfer of UCA1 in the induction of tamoxifen resistance in MCF-7 cells 71 ( Figure 3A) . Boelens et al. 72 demonstrated that upregulation of RAB27B protein resulted in over-release of exosomes in stromal cells. These exosomes induce the STAT1 protein in adjacent BC cells and activate NOTCH3 pathways. All of these processes lead to chemoresistance and radiation resistance in BC cells 72 ( Figure 3B ). In this regard, using RNA-seq data, scientists assessed BC patient-derived xenograft models to predict the chemotherapy response. 73 In summary, BC cells' exosomes and stromal cells' exosomes, which are affected by cancer niche, transfer intercellular messages in order to maintain cancer cell's niche.
Exosomal Genetic Materials in Other Cancers
Researchers studied other cancer exosomes in different biofluids. Some of the reputable studies focusing on non-BC cells are summarized in Table 1 . The study on serum samples illustrated the advantages of these vesicles as potential biomarker sources in different cancers. As an example, the study by Taylor et al. 74 showed that the signature on circulating exosomal miRNAs accurately reflected the tumor profiles. Therefore, exosomal mRNA profiling can be performed as an alternative diagnostic procedure. 74 Moreover, a study on glioblastoma multiforme in patients' serum samples indicated that exosomal miR-320, miR-574-3p, and RNU6-1 could serve as diagnostic biomarkers for early detection and monitoring of the disease. 15 Another study on seral exosomes of patients with melanoma showed an association between circulating miR-125b downregulation and disease progression. 75 The selected miR-1246, miR-3976, miR-4644, and miR-4306 were significantly upregulated in 83% of pancreatic adenocarcinoma seral exosomes, compared with those of the 76 Similar studies on esophageal cancer, meningioma, and prostate cancer revealed evidence in favor of using exosomes in cancer diagnosis or investigation of cell-to-cell communication. 38, 77 In addition to the serum studies, research on urine exosomes showed practical significant results to predict cancer status. A novel triple-RNA signature in prostate cancer can discriminate score 7 from other scores in the first biopsy and reduce unnecessary sampling. 78 As well as the studies on different biofluids, there are some evaluations on the exosomes derived from cell lines. For instance, the comparison of normal and prostate cancer cell lines showed the presence of a specific miRNA pattern in the cancer exosomes. 79 The results of another study suggested that metastatic gastric cancer cell line released let-7 family miRNAs via exosomes into the extracellular environment to maintain their oncogenesis. 80 The specific exosomal proteins in a colorectal cancer cell line may provide the understanding of colon cancer biology and potential screening of biological markers for cancer. 81 In 2016, researchers reported 570 proteins as an exosomal protein profile consisting of several cancer-related signaling proteins, tumor antigens, and secreted regulators. The functional value of tumor exosomes in the promotion of angiogenesis and cell migration was also demonstrated. 82 
Exosome Isolation Protocols
Similar to every newfound area, exosomes need to be validated in different aspects, especially clinical significance. The prerequisite for this level is to develop standard methods to isolate, characterize, and extract biological materials. Based on what was discussed heretofore, these techniques are explained (Table 2 ).
There are different exosome isolation protocols based on the types of starting samples and preferred downstream experiments with their own advantages and disadvantages. The starting sample could be cell cultured medium or one of the biological fluids, and isolated exosomes are assessed in terms of function or content, including proteins, DNAs, mRNAs, and non-coding RNAs such as miRNAs. Although differential centrifugation technique is the gold standard method to purify exosomes, 83, 84 different sample viscosities and requirement of special equipment make this method low-efficient and restricted, respectively. 84 In high-viscosity fluids, the rate and duration of centrifugation should be increased, or the fluids should be diluted to decrease the viscosity, because samples with high viscosity have lower sedimentation efficiency. 85 Because plasma is more viscous than serum, the modified ultracentrifugation protocol could be used to purify exosomes by replacing the single filtration with the first step of centrifugation in plasma. 86 Overall, plasma has higher viscosity than serum, serum has higher viscosity than cultured media, and PBS has the least viscosity.
Although this method improves the recovery rate, the contamination with media proteins and a large amount of starting sample was not practical for proteomics analysis and clinical use. To omit large particles and debris from samples, addition of filtration step to ultracentrifugation can improve exosomal extraction, especially in studies that plan to analyze RNAs. 87 Sucrose gradient centrifugation for more extraction purity and yield was introduced based on different flotation densities of exosomes in 1997. 88 Cantin et al., 89 in 2008, modified this method using the iodixanol (OptiPrep) gradient to separate exosomes from viruses that overlapped in density and size range.
The discovery of specific exosome protein markers in different biological status, from normal to ill, especially in cancer, led to the development of immunoaffinity-based techniques, which can isolate exosomes from small sample volumes. 28 Coated magnetic or latex beads are of the specific antigens used to purify the so-called exosomes. This method operates faster with more efficiency, which is important in clinical settings. [90] [91] [92] Microfluidic devices were fabricated in order to cover the defects of the current exosome isolation methods; approaches such as immunological separation, sieving, and trapping the exosomes are some examples of the functions of such devices. Simplicity, specificity, efficiency, and high purity of such few-step isolation techniques, which can work with slight volume of starting samples and reagents, make them intriguing for research and clinical settings. 93 Moreover, commercial kit is another option that rapidly and simply isolates exosomes from small volumes of different starting samples by chemical reagents, which makes them ideal for pathological purposes. Commercial reagents are recommended if the starting sample volume is limit; this technique is suitable to isolate exosomes from less than 500 mL starting volume. 94 Some purification reagents are efficient for future downstream analyses except for protein analysis, unless successive ultracentrifugation and filtration steps are operated to eliminate the non-specific proteins. 95 Therefore, the best exosomes isolation method should be employed based on the size and type of the starting sample volume and planned downstream analysis.
The main objective of the studies on the exosomes isolation methods is to take a step forward in their clinical application. There are some challenges on the clinical application methods of exosomes as biomarker sources. First, based on the type of cancer, the proper biofluid should be selected. The selected biofluid must be accessible through a noninvasive or minimally invasive procedure, and the intended biomarkers detectable in medically safe quantity of the biofluid. For example, Cheng et al. 36 showed that exosomes from different fractions of blood sample represented different miRNA profiles. Hence, a detectable biomarker in a certain bioliquid may not be identified in another one. Second, a standard procedure should be developed to isolate exosomes accurately and specifically. In other words, an ideal procedure should accurately isolate exosomes from the other extracellular vesicles and particles, and the BSEs from other exosomes specifically. For instance, the study by Caradec et al. 96 investigated the possible contamination of seral exosomes with albumin protein. Third, the process of exosome isolation in the clinic had to be repetitive, rapid, easy to handle, cheap, and applicable for different types of tissue-specific exosomes. Fourth, a perfect exosome isolation method should have a low error rate and higher recovery yield. 97 To date, no approved exosome isolation procedure is introduced for the clinical setting. Some companies recommended a preclinical exosome isolation kit (like Exoquick-CG; SBI), which is necessary to be validated through clinical trials, and the upcoming results should be compared and compatible with those of the pathology reports.
Exosome Characterization
Several methods are available to distinguish extracted exosomes from other vesicles (Table 3) . Liquid chromatography, mass spectrometry, immuno-blot analysis, flow cytometry, western immuno-blotting, and dot blot assay are common to verifying exosome markers. Characterizing based on shape and size of particles is done by electron microscopy, atomic force microscopy (AFM), 98, 99 nanoparticle tracking analysis (NTA), dynamic light scattering (DLS) analysis, qNANO GOLD, 100 and ELISA approaches. Recently, lateral flow immunoassay (LFIA) was developed to detect exosomes, targeting tetraspanins CD9, CD63, and CD81 on their membranes. Some studies run western blot on exosome samples to indicate the lack of microvesicle molecular markers (CD29, CD40, and p-selectin) and endoplasmic reticulum molecular markers (calnexin), and confirmed that they specifically isolated exosomes. 42 
Conclusions
Nowadays, exosomes draw attention as a potential source to discover new biomarkers for different diseases including cancer. A perfect cancer biomarker can show the existence of tumor mass and its molecular features in the early stages. Exosomes have special properties, which make them an ideal tool for minimally invasive liquid biopsy. These subcellular particles are detectable in almost every biofluid; therefore, in accordance with the type of cancer, researchers can select a special biofluid to detect patients' exosomes. Proper isolation protocol should be applied based on the downstream analysis, type, and volume of starting sample. Exosomes contain proteins, RNAs, and DNA, which might indicate the biological and pathological features of the tumor mass in real-time status. Up to now, many candidate exosomal biomarkers are suggested for BC, but none of them are approved yet. The role of exosomes to inhibit proliferation and elevation of response to chemotherapy in BC cells is proved. In addition to the repressive effects of exosomes on BC cells, engineered exosomes specifically target BC cells, conclusively reduce the side effects of chemotherapy on normal cells, and increase the chemotherapy response and half-life of drug in circulation. On the other hand, BC cells exosomes induce oncogenic features in normal mammary cells and resistance to chemotherapy and radiotherapy in chemosensitive BC cells. These exosomes activate signaling pathways, which lead to migration and metastasis in noninvasive BC cells, but related mechanisms are not validated yet. There is still a long way for scientists to discover reliable procedures to diagnose, treat, and monitor BC through cancer-specific exosome-based liquid biopsy. To eliminate the effect of normal cell exosomes, isolation and characterization methods should be developed, and based on the liquid of origin, a consensus should be achieved. Experts in biology and bioengineering should cooperate to advance exosome-based technologies. 
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